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PROCESS FOR PREPARING SUPERFINE
ION-EXCHANGE FIBERS

BACKGROUND OF THE INVENTION

This invention relates to superfine fibers with a high
ion-exchange capacity, obtained from a polyvinyl alco-
hol type fiber (hereinafter referred to as PVA fiber).

Since an ion-exchange reaction relies on a contact
reaction between radicals of an ion-exchanger and sub-
strates to be ion-exchanged, the more chances of both
contacting, .the higher a reaction rate. Therefore the
larger a surface area of ion-exchangers and the more
radicals present on the surface, the faster an ion-ex-
change reaction.- Ion-exchange resins in the form of
particles are in general used as materials having an ion-
exchange capacity. The particulate ion-exchange resins,
however, have a disadvantage that the ion-exchange
velocity is low because of: a small surface area, -

For overcoming the disadvantage porous resins were
provided, but the effects of having increased the surface
area were not substantially attained in that openings of
the porous resin are blocked and reaction products are
not conveniently recycled in the openings. Fine pow-
ders obtained by pulverization of particulate resins had
some effects, though-the. handling was difficult because
of a particle size being too small.

For overcoming such disadvantages processes for the
preparation of ion-excharige fibers were disclosed, for
example, in Japanese Patent Publication No. 51-44712,
Japanese Patent Application Kokai Nos. 51-38526 and
53-4787. These ion-exchange fibers exhibit good proper-
ties having 1020 times the exchange velocity as com-
pared with the conventional ion-exchange resins. On
the other hand, fibets obtained by conventional spin-
ning conditions have 4 diameter of 10-30p and making
the fiber diameter smaller is desired for increasing the
fiber surface area. However, with conventional spin-
ning methods about 10 in diameter is the lower limit
and spinning fibers of smaller diameter is very difficult
from the points of filament’s breaking and its handling.

SUMMARY OF THE INVENTION

An object of thisvinvention is to provide superfine
ion-exchange fibers of 0.1-1.0p in diameter having a
high ion-exchange vélocity.

Another object of this invention is to provide super-

fine ion-exchange fibers having good performances 2

such as chemical resistance and heat resistance and high
ion-exchange capacity.

In accordance with this invention, there is provided a
process for the preparation of superfine fibers with
ion-exchange capacity -which comprises baking super-
fine fibers of polyvinyl alcohol type having a single

fiber diameter “of* 0.1-1.0p and a fineness of

0.8-80 10—# d/f at temperatures of about 80°~350° C.
in the presence of a catalyst for dehydration of polyvi-
nyl alcohol so that weight loss ratio of fibers falls under
the range of about 5-40% and introducing an ion-ex-
change radical into the fibers thus obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1i$ a graph showing an absorption peifofmance
to humic,acid of superfine ion-exchange fibers accord-
ing to this invention and controls. ' :
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FIG. 2 is a graph showing an ion-exchange rate of
superfine ion-exchange fibers according to this inven-
tion and controls. :
FIG. 3 is a graph showing a dye adsorption perfor-
mance of superfine ion-exchange fibers according to
this invention and controls.

DETAILED DESCRIPTION OF THE
INVENTION

Superfine PVA fibers which may be used in this in-
vention are prepared in accordance with the process
disclosed in Japanese Patent Applications No. 52-93371
{Application Kokai No. 54-30930) and No. 52-143270

- (Application Kokai No. 54-77720). Namely, an aqueous
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solution of PVA and an aqueous solution of a water-sol-
uble, non-crystalline polymer are mixed together in a
weight ratio of solid content of 20:80-60:40 to make a
spinning solution and subjected to a dry spinning in
conventional methods, followed by drawing and heat
treatment. Thereafter, by washing the thus obtained
filaments with water the non-crystalline polymers are
extracted and removed whereby superfine fibers are
obtained. Hercin, the water-saluble, non-crystalline
polymer includes, for example, polyethylene oxide of
3,000-4,000,000 in molecular weight and a low-saponi-
fied PVA of 500-2,000 in average polymerization de-
gree and of 83-93% by mole in saponification value.
These polymers are hardly crystallized during the
drawing and heat treatment step for formation of fila-
ments and therefore, can be easily extracted and re-
moved by subsequest washing with water.

When the proportion of the non-crystalline polymer
exceeds 80% by weight, polymers to be removed by the
washing with water increase in quantity, which is unde-
sirable economically. On the other hand, with less than’
40% by weight it is difficult to make fibers superfine by
the washing treatment and a mechanical beating treat-
ment is required.

PVA used herein as the starting material means one
having an average polymerization degree of 800-3,000
and a saponification value of more than about 95 mol %.
When the polymerization degree is too low, fibers with
poor quality are obtained. On the other hand, when the
polymerization degree is too high, the viscosity of spin-
ning solution is increased so that the handling becomes
difficult. Further, when the saponification value is less
than about 95 mol %, the effect of retarding crystalliza-
tion is increased and therefore, a sufficient resistance
towards heated water is not rendered in the drawing
and heat treatment step. Also, a saponification of the
remaining acetic acid groups slowly advances during
preservation of the spinning solution so that its property
changes with the lapse of time. Accordingly, PVA
having an average polymerization degree of
1,000-2,000 and a saponification value of 99 mol % or
more is preferred.

Further, a modified PVA mainly comprising PVA
may be also used. The modified PVA is prepared by
introducing —COOH, —SO3;H, —NH,, —N(CH;),
and others with use of copolymerization, acetalation,
etherification or esterification methods, for example, by
saponifying copolymers of vinyl acetate and maleic
anhydride, vinyl acetate and acrylic acid, vinyl acetate
and allylsulfonic acid, vinyl acetate and acryl amide and
so forth or by effecting a partial formalation, acetalation
or aminoacetalation of conventional PVA. -Since the
modification degree varies depending on introducing at
random or in block, it cannot be primarily defined,
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although it is required that the modified PVA is not at
Wl extracted when removing polyethylene oxide by
rashing or its loss owing to extracting is little. Depend-
ing on the resistance towards heated water the modified
PV A may be used alone or in mixture with the conven-
tional PVA.

A catalyst for dehydration of PVA has an effect of
accelerating a dehydration reaction in baking of PVA.
Examples of the catalyst include polyphosphoric acid
ammonium represented by the formula,

il
HyN+O0—P370—NHy
ONH4

wherein n is an integer of 10-400, phosphoric acid,
phosphoric acid ammonium salts and gaseous hydrogen
chloride. The dehydration catalyst may be involved in
fibers by preliminarily adding to the spinning solution
or dipping superfine fibers in an aqueous solution of the
above catalyst and used in an amount of 3-15%, prefer-
ably 5-10% by weight of the PVA fiber. In case of
having the catalyst involved in fibers, the baking is
conducted in air, in atmosphere of inert gas or in vac-
uum and preferably, in air. Also, some catalysts may be
allowed to exist in atmosphere during the baking and
therefor, gaseous hydrogen chloride or gaseous mixture
thereof with inert gas are used.

It is essential that the baking is effected to such a
degree that the weight loss ratio of superfine PVA
fibers falls under the range of about 5-40%. Since heat-
ing conditions for the baking will vary depending on
whether the dehydration catalyst is involved in fibers or
not and also, on atmosphere of the heating, they are not
primarily defined, although the baking is effected at
temperatures of about 80°-350° C. for about 10-130
minutes to obtain superfine fibers of about 5-40% in
weight loss ratio.

Thus, black or black-brown fibers are obtained,
which have a partially polyenized structure. It has been
confirmed from the elementary analysis that the weight
loss ratio in the baking is substantially due to dehydra-
tion reaction only and splitting of low molecular or-
ganic compounds takes place slightly in case of a large
weight loss ratio.

The structure of the partially polyenized fiber should
be characterized by a degree of polyenization or con-
version ratio of vinyl alcohol units to polyene structure
units, but since the molecular structure of PVA used as
the starting material is not uniform, it is difficult to
define exactly the partially polyenized PVA by the
degree of polyenization.

In this invention, therefore, the definition by the
weight loss ratio as indicated hereunder is used:

Weight loss ratio=(A —B/A) X 100 (%)

A: Sample weight before dehydration

B: Sample weight after dehydration

If the weight loss ratio is less than 5%, fibers suffer a
remarkable swell and degradation during chemical re-
action for the introduction of ion-exchange radicals,
while with more than 40% the reactivity is reduced so
that fibers with a high ion-exchange capacity cannot be
obtained. It should be noticed that the range of weight
loss ratio is selected depending on type of the chemical
reaction for introducing ion-exchange radicals. For
example, for preparing a strongly acidic cation ex-
change fiber there are a reaction for adding sulfuric acid
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4

to the polyene structure of fibers and a sulfation reac-
tion with hydroxyl groups of the remaining vinyl alco-
hol units.

For the former the weight loss ratio of 20-40%, pref-
erably 25-35% is desirable, while for the latter the
weight loss ratio of 5-25%, preferably 10-20% is desir-
able. Since the sulfuric acid addition reaction is con-
ducted by a concentrated sulfuric acid of more than
98%, with weight loss ratio of less than 20% fibers
suffer a remarkable swell and degradation during the
reaction.

On the other hand, the sulfation reaction is conducted
in sulfuric acid of 80-100% in concentration in the
presence of sulfates of from a 10% concentration to its
saturation concentration as a swell inhibiting agent.

The esterification with hydroxyl groups of the re-
maining vinyl alcohol units is effected while inhibiting
the sulfuric acid addition reaction to the polyene units.
Accordingly, when the weight loss ratio is more than
25%, the remaining hydroxyl groups are reduced in
quantity so that occurrence of the reaction is difficult
and thus, fibers with poor ion-exchange capacity are
only obtained. It is assumed that the weight loss ratio of
5-25% corresponds approximately to the degree of
polyenization of 10-65 mol %.

The partially polyenized fibers thus obtained hardly
swell in boiling water and have good resistance toward
acid and alkali solutions and other chemicals, and are
superior in durability.

Next, ion-exchange radicals are introduced into the
partially polyenized, superfine fibers. As mentioned
above, the introduction of strongly acidic cation-
exchange radicals is conducted in a concentrated sulfu-
ric acid bath in the presence of or absence of a swell
inhibiting agent of from a 10% concentration to its
saturation concentration at temperatures of 10°-100° C.
Though the reaction time is suitably decided depending
on the reaction temperature, it is usually more than two
minutes. Weakly acidic cation-exchange radicals are
introduced by effecting Diels-Alder’s reaction with
maleic anhydride or acrylic acid, followed by hydrolyz-
ing with an alkali.

Strongly basic anion-exchange radicals are intro-
duced, for example, by effecting reaction with epi-
chlorohydrine, followed by amination with trimethyl-
amine. Also, weakly basic anion-exchange radicals are
introduced, for example, by effecting a graft polymeri-
zation of ethyleneimine.

A reaction velocity of introduction of ion-exchange
radicals into the partially polyenized superfine fibers is
remarkably rapid as compared with that into fibers with
conventional fineness (3 d, diameter 18p). For example,
in case PVA fibers baked in atmosphere of gaseous
hydrogen chloride are subject to a sulfation reaction in
a sulfuric acid bath containing ammonium sulfate, the
superfine fibers reach approximately an equilibrium
value 3-5 minutes after commencement of the reaction,
while it takes 50-60 minutes for the conventional fine-
ness fibers. Further, in case of the superfine fibers the
degree of deterioration of quality caused by the intro-
duction reaction is amall, probably because of the reac-
tion occurring mainly on the surface of fibers.

When the reaction time is prolonged to 50-60 min-
utes, the equilibrium value hardly changes, though the
deterioration of quality is increased to the same grade as
that of the conventional fineness fibers.
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Fineness of the superfine, jon-exchange fibers accord-
ing to this invention is somewhat increased during the
ion-exchange radical introducing reaction, though they
exhibit about the same level as fineness of the starting
fibers and have a remarkably increased surface area and
also, are extremely superior to ion-exchange fibers with
the conventional fineness in an ion-exchange velocity
and an adsorption of macromolecule ions.

This invention will be illustrated by the following
Examples. Parts are by weight.

Example of Preparation of Superfine Fibers:

100 parts of an aqueous solution of a 30% concentra-

tion of polyethylene oxide having an average molecular
weight of 300,000-500,000 were added to 83 parts of an
aqueous solution of a 36% concentration of PVA which
was prepared from a perfectly saponified PVA of 1,200
in average polymerization degree. Stirring was effected
under heating to form a spinning solution having a solid
content of 32.8% and a polyethylene oxide content of
50%. : ‘
The spinning solution was subject to dry spinning in
conventional conditions, drawn eight times and heat-
treated at 235° C. Thus, filaments of 120d/30f in fine-
ness, 5.8 g/d in strength, 15.5% in elongation and 94° C.
in softening point in water were obtained. When the
filaments were washed with water at normal tempera-
ture for 10 minutes, polyethylene oxide was extracted
into water whereby continuous superfine PVA fibers of
0.6-0.81 in diameter were obtained.

In the same procedure as the above superfine fibers of
0.1-1.0p'in diameter were obtained varying the propor-
tion of polyethylene oxide.

EXAMPLE 1

Polyphosphoric acid ammonium in an amount of 5%
by weight of PVA was added to a spinning solution and
after spinning, polyethylene oxide, one of the fiber
forming components was removed by extraction with
methanol whereby superfine PVA fibers of 0.1y in
diameter and 0.8 X 10~4 d/f in fineness were obtained.

In this Example, since polyphosphoric acid ammo-
nium is water-soluble, the extraction with methanol was
effected instead of the water-washing after spinning in
the above-mentioned Preparation Example of superfine
fibers. The superfine fibers obtained were baked at 130°
C. in air for 50 minutes to obtain partially polyenized
fibers of 5% in weight loss ratio.

Next, the fibers were dipped in a 32% sulfuric acid at
room temperature for an hour and after drying, dipped
in epichlorohydrine at 50° C. for three hours to obtain
fibers having an etherification degree of 16 mol %.
Further, amination was conducted using trimethyl
amine of 20% and an aqueous solution of saturated
sodium suifate at 50° C. for three hours. Strongly basic
anion-exchange fibers having a salt-splitting capacity of
1.2 meq./g were obtained.

For control, PVA fibers of 3 d/f in fineness and 18
in diameter containing 5% of polyphosphoric acid am-
monium were baked to form partially polyenized fibers
having a weight loss ratio of 5%. Then, the same intro-
duction reaction as the above was conducted.

Properties of the ion-exchange fibers obtained are
given in Table 1. Fineness is calculated as average diam-
eter from photographs by electron microscope. Simi-
larly, the surface area is a calculated value.

10

- TABLE 1
. Salt-

Fineness of Fineness of  Surface area  splitting

fibers before  ion-exchange of fibers capacity
Samples reaction, d/f fibers, d/f m/g meq./g
This .
Invention 0.8 x.10=% 1.5 x 10—4 24 15
Control 3.0 5.6 0.13 1.4

In addition to the above two samples, a commercial
available ion-exchange resin, Amberlite JRA 410 was
used for Reference sample. The samples were made a

~ free type and dipped in a bath of humic acid solution

—
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with various concentrations (bath ratio, 1:100) at nor-

. mal temperature for an hour while vibrating and stir-

ring. An adsorption performance to humic acid was
obtained from changes in the bath concentration.

The results are set forth in FIG. 1, from which it is
clear that the adsorption performance is in ranking of
this invention’s sample (Curve a)>Control sample
(Curve b)>Reference sample (Curve c) and this inven-
tion is exceedingty superior to the others.

EXAMPLE 2

A baked fiber of 17% in dehydration weight loss ratio
was obtained by baking superfine PVA fibers in atmo-
sphere of hydrogen chloride while elevating the tem-
perature from 60° C. to 130° C. at a rate of 100° C./hr
and maintaining the temperature of 130° C. for 30 min-
utes.

Next, the fibers were dipped in a bath comprising
25% of ammonium sulfate and 75% of sulfuric acid and
sulfation reaction was effected at normal temperature
for ten minutes. After washing with water and neutral-
izing, strongly acidic cation-exchange fibers of a sulfu-
ric ester type were obtained. .

For control sample, PVA fibers with conventional
fineness were baked at 130° C. for 60 minutes and then,
sulfation reaction was effected in the above bath at
normal temperature for 60 minutes.

Performances of ion-exchange fibers obtained are set
forth in Table 2.

TABLE 2
Salt-
Fineness of Fineness of  Surface area  splitting
fibers before  ion-exchange of fibers capacity
Samples  reaction, d/g fibers, d/f m/g meq./g
This ™
Invention 15 x 10* 3.0 x 10—4 17 3.7
Control 3.0 6.1 0.12 3.6

In addition to the above two samples, a commercially
available ion-exchange resin, Amberlist 15 was used for
Reference sample. 1.0 g (dry weight) of each of the
samples was made sodium type by a column operation
and poured into a bath of calcium chloride equivalent to
the capacity, to which deionized water had preliminar-
ily added to make a 1.01 solution, while stirring the
solution at a fixed speed. 20 ml were sampled from the
bath every indicated time and an amount of the remain-
ing calcium ion was measured by a chelatometric titra-
tion with EDTA solution using Eriochrome Black T as
an indicator. Ion-exchange rates were obtained from the
ratio to the original bath.

The results are set forth in FIG. 2 from which it is
clear that the ion-exchange rate is in ranking of this
invention’s sample (Curve d)> Control sample (Curve
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e)>Reference sample (Curve f) and the exchange rate
' this invention is most rapid.

EXAMPLE 3

5% by weight of polyphosphoric acid ammonium on
the basis of weight of PVA were added to a spinning
solution and after spinning, one of the fiber forming
components, polyethylene oxide was removed by ex-
traction with methanol. Superfine PVA fibers thus ob-
tained were baked in air at 190° C. for an hour to obtain
baked fibers of 16% in dehydration weight loss ratio.
Said fibers were dipped in a bath comprising a 10 vol. %
of ethylene imine in xylene (bath ratio, 1:20) and re-
fluxed for 10 hours. After washing of the reaction prod-
ucts, weakly basic anion-exchange fibers were obtained.

For control, PVA fibers with conventional fineness
were used, which were obtained by adding 5% by
weight of polyphosphoric acid ammonium based on
PVA to a spinning solution and spinning.

Said fibers were baked in air at 190° C. for 1.5 hours
to obtain fibers of 16% in weight loss ratio and thereaf-
ter, the same introduction reaction as the above was
effected.

Performances of the ion-exchange fibers thus ob-
tained are set forth in Table 3. ' :

TABLE 3
Surface  Total anion-

Fineness of Fineness of area of exchange

fibers before  ion-exchange fibers capacity
Samples reaction, d/f fibers, d/f mz/g meq./g
This
Invention 1.1 x 10—% 3.7 x 104 15 8.4
Control 2.8 9.5 0.096 8.5

In addition to the above two samples, a commercially
available ion-exchange resin, Duolite S-37 was used for
Reference sample. The two ion-exchange fibers were
cut to 1-2 mm long and filled in 10 mm thickness in a
column of 20 mm in diameter and the ion-exchange
resin filled in 20 mm thickness.

A 1/10 N hydrochloric acid was charged into the
column which was then washed sufficiently with deion-
ized water. When a pH of the resulting solution was
made 3-4, a 20 ppm solution of acidic dye, Suminol
Milling Red RS (C.I. Acid Red 99) was charged at a
flow rate of 60 ml/min. and a dye concentration in the
passing solution was observed.

The results are set forth in FIG. 3, from which it is

clear that the dye adsorption performance is in ranking
of this invention (Curve i)>Control (Curve
h)>Reference > (Curve g).

EXAMPLE 4

Superfine fibers containing polyphosphoric acid am-
monium, which were used in Example 3 were baked at
190° C. in a nitrogen atmosphere for three hours to form
dehydrated fibers of 27% in weight loss ratio. The fibers
obtained were dipped in a 98% sulfuric acid and sulfo-
nation reaction was effected at 60° C. for three hours
whereby strongly acidic cation-exchange fibers of a
sulfonic acid type were obtained.

For control, using PVA fibers with conventional
fineness containing polyphosphoric acid ammonium,
which were used in Example 3, sulfonation reaction was
effected in the same manner as the above except con-
ducting the reaction for 6 hours.
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Performances of the ion-exchange fibers obtained are
set forth in Table 4.

TABLE 4
Surface

Fineness of Fineness of area of  Salt-splitting

fibers before  ion-exchange fibers capacity
Samples reaction, d/f fibers, d/f m2/g meq./g
This
Invention 1.1 X 10=% 21x 1074 21 2.1
Control 2.8 5.4 0.13 2.1

In addition to the above two samples, commercially
available ion-exchange resin, Amberlite IR 120 B was
used for a Reference sample. The samples were made
copper type by passing an aqueous solution of copper
sulfate in a column operation.

After drying the two ion-exchange fibers were cut to
1-2 mm long and filled in 2 cm thickness in a pipe of 1.0
cm in diameter and the ion-exchange resin filled in 2 cm
thickness. A gaseous mixture of ammonia (concentra-
tion 5%) and air was passed through the pipe at a flow
rate of 2 1/min. and the ratio of an amount of ammonia
absorbed to a salt-splitting capacity was measured after
the indicated time. The results are given in Table 5.
Also, the amount of adsorption equilibrium was 1.9-2.0.

TABLE 5
Samples After one minute After five minutes
This Invention 1.5 1.9
Control 0.7 1.5
Reference 0.1 04

It is apparent from Table 5 that this invention is supe-
rior to the others.

EXAMPLE 5

Using the baked superfine fibers obtained in Example
2, Diels-Alder’s reaction was effected with maleic anhy-
dride at 160° C. for an hour and then, hydrolysis was
effected with a 1/10 N sodium hydroxide solution
whereby weakly acidic cation-exchange fibers were
obtained.

For control, the conventional fineness fibers were
treated in the same manner as the above except effecting
the reaction at 160° C. for 5 hours.

Performances of the ion-exchange fibers obtained are
set forth in Table 6.

TABLE 6
Surface  Total cation-

Fineness of Fineness of area of exchange

fibers before  ion-exchange fibers capacity
Samples reaction, d/f fibers, d/f m%/g meq./g
This
Invention 15X 10—% 34 x 104 16 4.8
Control 3.0 6.9 0.11 4.8

In addition to the above two samples, a commercially
available ion-exchange resin, Amberlite IRC 50 was
used for a Reference sample. A 1/10 N hydrochloric
acid was charged into a column, which was then
washed sufficiently with deionized water till a pH of the
resulting solution had reached neutralization and dried.

The two ion-exchange fibers were cut to 1-2 mm
long and filled in 2 cm thickness in a pipe of 1.0 cm in
diameter and the ion-exchange resin filled in 2 cm thick-
ness.
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Air containing 50 ppm of dimethylamine was passed
through at a flow rate of 2 1/min. and an amine concen-
tration in air was measured. The results are set forth in
Table 7.

TABLE 7
Lapsed Time
Samples One minute Five minutes
This Invention 0-3 ppm 0-3 ppm
Control 7-10 8-10
Reference 45-50 45-50

The above Table shows that this invention is superior
to the others.

What is claimed is:

1. A process for preparing superfine fibers with ion-
exchange capacity which comprises baking superfine
fibers of a polyvinyl alcohol type having a single fiber
diameter of 0.1-1.0p and a fineness of 0.8—80x 10—*
d/f in the presence of a dehydration catalyst at tempera-
tures of about 80°-350° C. so that a weight loss ratio of
fibers falls within the range of about 5-40% andintro-
ducing an ion-exchange radical into the baked fibers.

10

10

2. The process of claim 1 wherein the dehydration
catalyst is ammonium polyphosphate, phosphoric acid,
ammonium phosphate salts and hydrogen chloride.

3. The process of claim 1 wherein said baking is ef-
fected in air, in an atmosphere of an inert gas or in a
vacuum under the condition of having the dehydration
catalyst involved in fibers.

4, The process of claim 1 wherein said baking is ef-
fected in an atmosphere of a gaseous hydrogen chloride
or gaseous mixture of hydrogen chloride with an inert
gas.

5. The process of claim 1 wherein said weight loss
ratio of fibers falls within the range of about 5-25% and

- sulfuric ester radicals are introduced by a sulfation reac-

tion with hydroxyl groups of the remaining vinyl alco-

" hol units.
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6. The process of claim 1 wherein said weight loss
ratio of fibers falls within the range of about 20-40%
and sulfonic acid radicals are introduced.

7. Superfine fibers of a polyvinyl alcohol type having
a single fiber diameter of 0.1-1.0p and a fineness of
0.8—80x 10—4 d/f, prepared according to the process -

of claim 1.
’ * % x %k k



